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CHAPTER 1 
■ANALYSIS OF THE PROBLEM 
Introduction 
Interval training is defined by Fox and Mathews 
(1974) as a series of repeated bouts of exercise alternated 
with periods of rest or relief . Much research has been done 
comparing different intensities, durations, and work-relief 
ratios in interval training, and how these affect the develop­
ment. of the various physiological systems of the body. Lit­
tle, however, has been done to compare the development of 
-aerobic power with the duration and intensity of the work 
interval varied, with frequency per week held -constant. Re­
search in this area has been especially limited using un­
trained women as subjects. Rosentswieg and Burrhus (1975) 
point out that data collected on men cannot always be extra­
polated to women. This study compared three training pro-, 
grams In the development of cardiovascular fitness in un­
trained women.
/ Statement of- the Problem 
The purpose of this study was to compare three con­
ditioning programs in improving cardiovascular fitness In 
untrained women. Through the treatment period the frequency 
of training per week and the duration of each exercise ses­
sion were held constant. The subjects were pre and post
2
tested for estimated maximal oxygen uptake, resting heart 
rate, resting blood pressure, body composition, and girth 
at the waist, bust, hips, thigh, and upper arm.
Assumptions
The following are assumptions upon which this invest­
igation was based:
1. Maximal oxygen uptake is a valid measure of cardio­
vascular fitness.
2. The six-minute Astrand bicycle ergometer test is a 
•valid estimate of maximal oxygen uptake.
Hypotheses
The following hypotheses, based upon changes during 
the treatment -period, stem from the previously stated prob­
lem:
1. There will be no significant differences among 
groups in maximal oxygen uptake as measured on 
the six-minute bicycle ergometer test.
2. There will be no significant differences in resting 
heart rate among groups.
3. There will be no significant differences in resting 
blood pressure among groups.
4. There will be no significant differences in body 
weight among groups.
5. There will be 110 significant differences in waist, 
bust, hip, thigh,, and upper arm girths among 
groups.
6 . There will be no significant differences in body 
composition among groups.
Be limi tat ions 
The participants in this study were twenty-five fe­
male volunteers, aged twenty-two to forty-three, all employees 
or wives of employees of Northern Natural Gas Company in Omaha, 
Nebraska. Most of these women were untrained, except for a 
few who had participated in some mild conditioning or light 
recreational activity. The study was eight weeks in duration, 
with each of the subjects completing a total of twenty-four 
work sessions on the bicycle ergometer.
Limitations
This study was limited to the use of the Astrand six- 
minute test on the bicycle ergometer which uses heart rate 
as an indicator of maximal, oxygen uptake rather than direct 
measurement of respiratory gases. It was also limited by 
the use of skin-fold measurements as indicators of body com­
position rather than the underwater weighing technique.
This study was also limited by the small number of 
subjects completing the eight-week conditioning program. Group 
one finished with only five subjects, group two with eleven, 
and group three with nine. Another limitation was the prob­
lem of controlling the outside activities of the subjects.
4
Definition of Terms
Interval Training - Interval training is a series of 
.repeated bouts of vigorous exercise alternated with periods 
of mild activity or rest.
Work Interval - The work interval is that portion of 
the interval training program that consists of the high in­
tensity work effort.
Relief Interval ~ The relief interval Is the time be­
tween work intervals, consisting of pedalling against -mini­
mal resistance.
Frequency - Frequency refers to the number of exer­
cise sessions per week.
Aerobic Power - Aerobic power, or maximal oxygen con­
osumption, is cardiovascular fitness, expressed in milliliters 
of oxygen per kilogram of body weight per minute (ml/kg/niln) . 
It consists of the ability to take in, transport and utilize 
oxygen.
5
CHAPTER 2 
REVIEW OF RELATED LITERATURE 
The review of literature related to interval train­
ing will be presented in three subdivisions: 1. Values of
■ ■Interval Training, 2.. Analysis of Interval Training Programs 
and 3. Measurement of Aerobic Capacity.
Values of Interval Training 
Interval training has been shown by many researchers 
to permit a greater quantity of high quality work than con­
tinuous work, with less fatigue resulting. Margaria et. al. 
(1969) found that very heavy interval work (e.g., treadmill 
running at eighteen kilometers per hour at fifteen percent 
grade) can be carried out indefinitely if the intensity and 
duration involve an energy expenditure not greater than the 
alactic part of the oxygen debt, and if rest periods are long 
enough to repay the oxygen debt. Using a work interval of 
ten seconds, rest intervals of ten, twenty and thirty seconds 
were compared. Three times the total work that could be per­
formed continuously was done with a ten second rest, six times 
the total continuous work could be performed with a twenty 
second rest interval, and work could be performed indefinite­
ly using a thirty second rest interval. It was concluded that 
a minimum relief period of twenty-five seconds was needed to pre­
vent lactic acid build-up and to allow oxygen debt repayment
r
with a ten second work interval of this intensity.
Fox, Robinson, and Wiegman (1969) also found lactic 
acid accumulation and oxygen debt to be lower during interval 
work than during continuous. Both were lowest when rest-re- 
lief (e.g., walking) was used during the recovery interval 
rather than work-relief (e.g., jogging), because the heavier 
aerobic work of jogging partially blocks the replenishment of 
lalactic and oxymyoglobin energy sources.
Several studies (Fox et. al., 1973; Fox et. al. ,
1969; Fox and Mathews, 1974) have shown that this slower ac­
cumulation of lactic acid delays the onset of fatigue, allow­
ing the performance of a larger quantity of high intensity 
work.
These findings support those of Astrand et. al.
(I960), who found that two subjects were, exhausted after three 
to four minutes of continuous treadmill running at twenty kilo­
meters per hour, but the same subjects performing the work 
intermittently could complete five kilometers and 6.67 kilo­
meters in fifteen and twenty minutes respectively.
Christensen, Hedman, and Holmdahl (1960) found that 
for one hour of total work in four series of exercise, the 
number of total heart beats was lowest with short spells of 
work (e.g., thirty seconds work, forty-five seconds rest) . 
compared to.work intervals of two minutes with a three minute 
rest, twenty-four minutes with a six minute, rest, and a con­
tinuous workout. This would suggest that a certain quantity 
of work could be accomplished with less resultant fatigue 
using a lower work-reiief ratio.
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Similarly, Astrand et. al. (1960) found that after
one hour of short intervals (e.g., thirty seconds to one min­
ute) , the participants reported a subjective feeling of no 
fatigue, whereas with a two or three minute work interval 
for one hour, a feeling of fatigue was experienced.
Fox et. al. (1974) suggest that this savings in fa­
tigue resulting from interval work can be converted to greater 
intensity of work performed. It was also found that stroke 
volume reaches its peak during the recovery period. Repeated 
-development of peak stroke volume improves maximum stroke vol- 
.urne. Therefore, with several rest intervals, the stroke vol­
ume reaches its peak several times, potentially allowing great­
er development of maximal oxygen intake.
Keul and Doll (1973) found that prolonged exercise 
improves the oxidative capacity, but that the glycolytic 
-mechanism is barely affected. Intermittent work seems to 
improve both energy systems. It appears the improvement of 
the glycolytic mechanism can be attributed to the greater 
intensity of work possible with interval work.
Harper et. al. (1969) compared two methods of im­
proving cardiovascular endurance using twenty-five male 
physical education students at Ohio State University. Group 
One performed a military-like program of combatives, calis­
thenics, and marching. Group Two performed interval running, 
■while Group Three, the control, participated in recreational 
activities such as archery and golf. After seven weeks, 
five days per week of training, the interval training group
improved significantly in maximal oxygen intake, but the 
other two groups showed no significant improvement. Harper 
concluded that interval training provides more severe cardio 
vascular stress than the Army program as determined by recov 
ery heart rate. He also pointed out that the Army group 
spent many more hours training than the interval group, but 
the intensity was not as great. Therefore he concluded that
t.
intensity is a factor in improving cardiovascular fitness.
The effects of interval training on heart rate have 
been examined by several investigators. Fox et. al. (1975) 
found a decrease in maximal heart rate in all groups except 
that which trained two times per week for thirteen weeks.
The differences were independent of training frequency and 
program duration. Fox attributed the decrease in maximal 
heart rate partly to an increase in stroke volume. There 
•was a significantly greater decrease in sub-maximal heart 
rate in the four days per week group than in the two days 
per week group for both the seven arid the thirteen week pro­
grams. The decrease was significantly greater in the two 
sessions per week for thirteen weeks group than in the two 
sessions per week for seven weeks group, but there was no 
significant difference between the four sessions per week 
for seven weeks and the four sessions per week for thirteen 
weeks groups. The decrease in submaximal heart rate was not 
attributed to increased submaximal oxygen uptake since the 
latter was not significantly different after training among 
the groups.
Knuttgen et. al. (1973) also found a significantly
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lower .heart rate in submaximal exercise. One group performed 
fifteen seconds of work and fifteen seconds of rest three 
times per week for two months. Group Two performed three 
minutes of work, and three minutes of rest three times per 
week for two months. Group Three performed three minutes of 
work and three minutes of rest five times per week for two 
months. The mean difference in submaximal heart rate for 
each group was: Group One - fifteen beats per minute, Group
Two - sixteen beats per minute, and Group Three - twenty- 
three beats per minute. Heart rate in maximal exercise was 
significantly lower by six to ten beats per minute from the 
beginning of the program to the one month and two month tests. 
The difference between heart rates at these two times was not 
significant, however. This would indicate that the drop oc- 
- curred rapidly and then leveled off.
Fox et. al. (1973) in a study of intensity and dis­
tance, found significant decreases in submaximal and maximal 
heart rate in all groups, but the differences among training 
groups was not significant. Groups were assigned one of the 
following regimens: Short distance sprints of many repeti­
tions, longer distance runs of fewer repetitions, or an al­
ternating program of sprints and longer runs. The subjects 
did not generally reach their maximal heart rate with the 
high intensity intervals of short duration, except when a 
-short relief interval was used. The evidence suggests that 
varying the intensity and distance will not produce signifi­
cantly different reductions in sub-maximal and maximal heart 
rate. This is consistent with Fox's 1975 study in xtfliich the
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decrease in maximal and submaximal heart rate was found to 
be dependent upon frequency and duration of exercise and not 
intensity.
Another finding of Keul and Doll (1973) was that 
heart rate increased with each work interval with a two minute 
work, two minute rest ratio. The heart rate reached 155 beats 
per minute in the first two minute interval. Forty-seven per­
cent of this was reached in thirty seconds, seventy percent 
in sixty seconds, and eighty-five percent in ninety seconds.
In the second work interval, eighty-five percent of the total 
increase was reached in the first minute. The heart rate at­
tained was always higher with each successive period. In a 
four minute work, four minute rest interval program, the 
heart rate increased to 167 beats per minute in the first / t 
work period, and seventy-six percent of this increase was 
reached in the first ninety seconds. This rapid initial in­
crease was more marked in the second and third intervals.
As with the two minute work, two minute rest ratio, the final 
value attained was higher with each work period. This would 
indicate that full recovery did not occur during the relief 
phase. This trend toward a rapid initial increase and a suc­
cessively higher heart rate would probably be most evident 
in work where the recovery period is relatively short.
Summary
The findings reported in this section indicate that 
interval training allows a greater quantity of total work 
to be performed, and with less fatigue than if performed con-
11
tinuously. Because of the high intensity of the work, gly- 
-colytic capacity is also enhanced, whereas in continuous 
long term work little or no improvement is demonstrated.
There appears to be general agreement that interval training 
is effective in decreasing sub-maximal and maximal heart rate. 
The decrease in maximal heart rate appears to be independent 
of training frequency and program duration, but may be attrib­
uted to intensity and increased stroke volume. The decrease 
in sub-maximal heart rate appears to be related to frequency 
and program duration. Heart rate tends to increase more ra­
pidly with each successive work interval, and the final value 
tends to be higher with each work interval as well.
Analysis of Interval Training Programs
In.this section, three elements of interval training 
will be discussed: Frequency, intensity and duration.
Fox et. al. (1.975) attempted to determine how much 
the number of workouts per week could be reduced without sac­
rificing improvement in maximum oxygen intake, and whether 
improvement in maximum oxygen intake due to training fre­
quency was influenced by the duration of the program (e.g., 
seven week program versus thirteen week program). While in­
tensity and duration were held constant, no significant dif­
ferences In maximum oxygen intake were found in the degree 
of improvement in two versus four sessions per week. Also 
no significant differences were found between the changes 
in maximal oxygen intake due to training frequency or program 
duration. Fox concluded that changes in maximal oxygen uptake
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are not dependent upon frequency and duration, but upon in­
tensity.
Witten and Witten (1973), in a study of the effects 
of the frequency of interval training upon cardiovascular 
fitness, used heart rate during exercise as a method of ap­
plying overload with college females. The training heart 
rate was kept between 172 and 184 beats per minute. Whenever 
the subjects could perform the work below 172 beats per minute 
the rate of work was increased to bring the heart rate into 
the training range. Groups One and Two performed the same 
running program, with Group One training five days per week 
and Group Two training three days per week. Group Three, 
the control group, did no training. Both Groups One and 
Two showed significant improvement in cardiovascular fitness, 
but differences between the groups were not significant.
Thus, frequency of exercise was not believed to be a critical 
factor in the improvement of cardiovascular fitness once a 
certain threshhold regarding frequency was attained. Because 
the two experimental groups were exercising at the same in­
tensity, it is impossible to determine whether varied intens­
ity would produce the same.result. The five days per week 
group felt that the program was too difficult, and complained 
of muscle and joint soreness throughout the program. The 
nutliors therefore suggested that three days per week may be 
optimal for training unconditioned women.
Knuttgen et. aL (1973) experimented with a group of 
military conscripts. Each group performed a total of fiteen 
minutes of work. Group One performed a fifteen second work
13
interval and a fifteen second rest interval three times per 
week for two months. Group Two performed a three minute 
work interval with a three minute relief interval three 
days per week for two months, and Group Three started train­
ing one month into the two month study and performed a three 
minute work interval with a three minute relief interval 
five days per week. A total distance ■of four kilometers was 
completed by each group each session, and running was the 
principle mode of training.
Maximal oxygen uptake expressed in millileters per 
kilogram per minute (ml/kg/min) increased significantly for 
each group from the onset of training to one month (.01 level 
of a significance), and from the onset of training to two 
months (.001 level of significance). Improvement from one 
month to two months was significant at the .001 level of sig­
nificance for Groups One and Three, ., but- was not significant 
(.05) for Group Two. Group Two showed'the greatest overall 
improvement in maximal oxygen uptake; twenty-two percent 
in the first month, and twenty-five percent total for the 
two month study. It was concluded that the concept of all- 
out exercise for a short Interval with the appropriate re­
covery appears highly effective for bringing about large 
increases in oxygen transport and utilization in a relative- 
iy short time. Knuttgen also speculated that individual dif­
ferences, age, general fitness, muscle fiber composition, and 
the percent maximal oxygen intake utilized may be important 
factors In improving maximal oxygen uptake. With the three 
minute work bout, maximal oxygen uptake was reached with each
14
work interval, but this was not always true with the fif­
teen second work period. Group Three served as a control 
group for the first month of the program, and showed a sig­
nificant increase in maximum oxygen intake with no formal 
training, which may indicate that activity demanding less 
than maximum oxygen uptake may also induce improvement, 
especially if the subjects were initially at a low level of 
fitness. This study also Indicates that intensity (per­
cent of maximal oxygen intake utilized) is a factor in the 
improvement of cardiovascular function.
Heusner (1973) stated that improvement in maximal 
oxygen consumption will occur whenever the athlete subjects 
himself to situations in which the existing oxygen intake 
mechanism is taxed to the limit. To achieve this, the ath­
lete must exceed aerobic limits and perform some of the work 
anaerobically. These findings are in accord with research 
by Keul and Doll (1973).
Summary
The above studies indicate that changes in maximal 
oxygen uptake are primarily a result of the intensity of 
work. A high intensity of exercise for a short interval 
appears highly effective for improving oxygen transport and 
utilization in a relatively short time. The percent of maxi­
mum oxygen consumption utilized may be a factor in the amount 
of improvement shown. In order to improve maximal oxygen 
intake capacity, the athlete must spend some time in anaero­
bic work. Three sessions per week appear to be adequate to
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bring about significant gains in maximal oxygen consumption, 
with five sessions per week not resulting in significantly 
greater gains. Individual differences, age, general fitness 
level, muscle fiber composition, and the percent of maximum 
ôxygen uptake utilized may also be factors in determining 
what type of interval training program is most effective 
in improving car diova s cul ar fun c t ion.
Prediction of Maximal Oxygen Uptake 
Several methods exist to estimate maximal oxygen in­
take. The reliability and validity of some of these methods 
will be discussed here.
De Vries and Klafs (1963) compared six different me­
thods for predicting maximal oxygen uptake from sub-maximal 
tests, and found that maximal oxygen uptake and physical 
working capacity can be predicted with reasonable accuracy 
from sub-maximal tests. The most validly predicted values 
resulted from the Astrand-Rhyming and the Sjostrand Tests.
The validity coefficients of these tests, when correlated 
with the results obtained via gas analysis, were .736 and 
.877 respectively (significant at the .05 level). De Vries 
(1965) found also that tests using heart rate during exer­
cise rather than during recovery were more accurate at pre­
dicting maximal oxygen consumption.
McArdle et. al. (1972) determined the validity of 
maximal oxygen intake as measured by the Balke Standard Tread­
mill Test of physical working capacity (defined as the length 
of time in seconds the subject walked before the heart rate 
reached 150, 170 and maximum). They found that the Balke
16
Standard Treadmill Test provided a highly reproducible means 
for assessing aerobic capacity in women. The correlation co­
efficients for physical working capacity ranged from .78 at 
PWCi50, to .90 at PWCmax. The highest correlations between 
sub-maximal heart rate and aerobic capacity were obtained when 
relative maximal oxygen uptake (milliliters per kilogram per 
minute) were used to express aerobic capacity, because the 
energy cost of activity is related to body weight.
Fox et. al. (1975), however, found a poor relation­
ship between changes in sub-maximal heart rate and maximal 
oxygen consumption. All groups significantly improved in maxi­
mal oxygen intake independently of training frequency and pro­
gram duration. The decreases in sub-maximal heart rate, how­
ever, were dependent upon training frequency and program dur­
ation. The authors concluded the prediction of,maximal oxy­
gen intake from sub-maximal heart rate would be misleading.
Roberts and Alspaugh (1972) found that conditioning 
effects are best determined by testing subjects on the same 
apparatus as that on which they trained. Thirty-six adult 
males used both the bicycle ergometer and the treadmill to 
measure physical working capacity. A six week, three ses­
sion per week training program ensued, with half the subjects 
training on the bicycle ergometer and half on the treadmill. 
They found that each mode of exercise did produce signifi­
cant gains in performance within that mode of exercise, but 
the bicycle training group, when tested after the training 
program for physical working capacity on the treadmill, did 
not show significant gains. The treadmill group, when post
17
tested for physical working capacity on the bicycle, showed 
significant improvement. It was concluded that gains on the 
ergometer are not reproducible on the treadmill, and that 
treadmill training is more general than bicycle training. It 
was also concluded that the treadmill PWCp^Q assesses func­
tional capacity in a general fashion, whereas the bicycle 
PWCi5o assesses responses of specific components of fitness.
Summary
There is general agreement that sub-maximal tests are 
reliable predictors, of maximal oxygen intake, especially when 
expressed in terms of body weight. More accurate values were 
also achieved when the heart rate during exercise rather than 
during recovery was used. Because of the specificity of bi­
cycle training, an accurate assessment of gains following 
training on the bicycle could not be made using a treadmill 
test for maximal oxygen consumption.
Summary of Literature Review
Interval training has been demonstrated to allow a 
high quantity of high intensity work, with less fatigue re­
sulting than with continuous work. Significantly lower sub- 
maximal and maximal heart rates have occurred following con­
ditioning programs of interval work. Heart rate tends to in­
crease with each successive work interval, however.
Intensity, x*ather than frequency per week or program 
duration, is most highly related to increases in maximal oxy­
gen uptake as a result of interval training. The concept of 
all-out exerc5.se for a short interval with the appropriate
18
recovery appears to be highly effective for bringing about 
large increases in oxygen transport, oxygen utilization, as 
well as glycolytic capacity.
Maximal oxygen intake can be predicted with reason­
able accuracy from sub-maximal tests. The Balke Standard 
Treadmill Test is a highly valid method of assessing aerobic 
capacity in women. Treadmill training is more general than 
bicycle ergometer training, and therefore gains on the bicycle 
ergometer are not always reproducible on the treadmill.
19
CHAPTER 3 
PROCEDURES 
Design-of Study 
The study undertaken was a comparison of three con­
ditioning programs for improving cardiovascular fitness in 
•untrained women. The participants were women aged twenty- 
two to forty-three, who were assessed for maximal oxygen 
intake, resting heart rate, resting blood pressure, weight, 
girth at the waist, bust, hips, upper arm, and body composi­
tion .
Sub]ects
The subjects used in this study were twenty-five 
volunteer women between the ages of twenty-two and forty- 
three, who were employees or wives of employees of Northern 
Natural Gas Company in Omaha, Nebraska. They were untrained 
except for a few who had participated in some mild condi­
tioning or light recreational activity.
Ins trumen t a t i on 
The following equipment was used in this investiga­
tion:
1. Schwinn bicycle ergometers
2. Stethoscope
3. Sphygmomanometer-
4. Heart rate monitors (Gulf-Western Manufacturing Com-
20
pany^ Model 410-B, and Whittaker Corporation,
Model 404-B)
5. Skinfold caliper (British Indicators, Ltd., John 
Bull)
6 . Plastic tape measure
7. Medical scale
Testing Procedures 
Prior to the test day, the subjects had one learning 
trial on the bicycle ergometer to familiarize them with the 
procedure and thereby reduce anxiety. The subjects had been 
instructed to avoid the intake of coffee, tea, cigarettes, 
and food for at least three hours prior to testing. On the 
test day, each participant was tested for resting heart rate 
and resting blood pressure after five to ten minutes of re­
clining. Each subject was then weighed and girth measure­
ments were taken at the waist, bust, hips, thigh and upper 
arm. Skinfold measurements were taken at the triceps and 
iliac crest (Sloan et. al., 1962). The subjects then under­
went the six-minute Astrand Test on the bicycle ergometer 
to estimate maximal oxygen uptake. The protocol set forth 
by Astrand and Rhyming (1954) involved pedalling for six 
minutes at a resistance sufficient to maintain the heart r:\t.. 
rate between 130 and 170 beats per minute, which enabled the 
subject to reach a steady state. The pulse rate was taken 
during the last fifteen seconds of every working minute.
The mean pulse rate for the fifth and sixth minutes of work 
and the resistance pedalled to maintain that heart rate were
21
then used to determine the maximal oxygen uptake in liters 
per minute. This score was then converted to millileters 
per kilogram per minute. The score was also multiplied by 
an age correction factor, because the maximal heart rate 
declines with age after about twenty years (Astrand, 1970: 
617). The tests were readministered according to the same 
procedures after the eight-week, twenty-four session condi­
tioning program.
Assignment to Treatment Groups 
Subjects were randomly assigned to three treatment 
groups using the blocking technique, based upon the estimated 
maximal oxygen consumption scores prior to the treatment - 
period. The women with the three highest maximal oxygen 
uptake scores were randomly assigned to one of three groups. 
Individuals with the next three highest scores were then ran­
domly assigned, and so forth until all .subjects had been 
placed in a group. The purpose of this technique was to 
equate the groups on the basis of the most important variable 
in this study: maximal oxygen consumption.
Treatment
Each subject was assigned an initial workload suf­
ficient to evoke the desired heart rate (see Table 1). 
Throughout the program a resistance was used which was suf­
ficient to create the desired heart rate response, based up­
on a percent of the subj ect Vs estimated maximal heart rate, 
while pedalling at sixty revolutions per minute. Estimated 
maximal heart rate was calculated by subtracting 227 minus
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the subject’s age (Vitale, 1973).
Each woman performed her program three days per week. 
A five minute warmup consisted of ten to twenty bent-knee 
sit-ups, the hurdlers1 stretch which was performed five times 
to each side for five seconds each, five toe-touches which 
were held for five seconds each, and a low back stretch which 
was done five times for five seconds each. The subjects then 
pedalled one to two minutes at sixty revolutions per minute 
on the bicycle ergometer against no resistance. A similar 
cooldown was done following the thirty minute exercise ses­
sion.
Group One performed a work interval at seventy-five 
percent of maximal heart rate for thirty seconds, alternated 
with a relief interval of ninety-seconds for a total training 
time of thirty minutes. Group Two performed a three minute 
work interval at approximately seventy percent of maximal 
heart rate, followed by a three minute -relief interval for a 
total training time of thirty minutes. During the relief 
period, the subjects in Groups One and Two continued to pedal 
at sixty revolutions per minute at a resistance of 150 kilo- 
pond meters on the Schwinn bicycle ergometer. Group Three 
performed one continuous thirty minute work bout at approxi­
mately sixty-five percent of maximum heart rate. The heart 
rate in Groups One and Two was monitored throughout all 
training sessions during the last fifteen seconds of each 
work period, and during the last fifteen seconds of each re­
lief period. The continuous group was monitored throughout 
all training sessions during the last fifteen seconds of each
24
minute of exercise.:. Whenever a particular workload failed . 
to evoke the desired heart rate response, an increased resist­
ance, was used to bring about the desired heart rate. This 
was necessary as with conditioning a greater amount of work 
can be accomplished at the same heart rate (Witten and Witten, 
1973). This progression in resistance was required for most 
subjects.
Analysis of Data
Following the post test, at the end of the eight-week 
training program, a correlated t-test was used to determine 
if there was a significant change in maximal oxygen intake, 
resting heart rate, resting blood pressure, girth measure­
ments, body composition and body weight within each of the 
treatment groups. A one-way analysis of Vciriance, covaried 
with the pretest values, was used to determine whether 
changes in these variables differed significantly among groups.
An analysis of variance on each pretest variable in­
dicated no significant differences among groups. This was 
expected as the blocking procedure was employed to equalize 
groups. However, due to the relatively small sample size 
and the fact that a good number of subjects were unable to 
complete the treatment, a reduction in group equality be­
came more likely. To statistically equate the groups, an 
analysis of variance which covaried with the pretest values 
was used.
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CHAPTER 4 
PRESENTATION AND ANALYSIS OF DATA 
In this chapter changes for each variable will be 
ŝummarized, in the following sequence: 1. Maximal Oxygen
Uptake, 2. Resting Heart Rate, 3. Resting Blood Pressure,
4. Body Composition and Body Weight, and 5. Girth Measure­
ments .
Maximal Oxygen Uptake 
Table 2 shows that Groups Two and Three demonstrated 
statistically significant gains (.05 and .001 levels respect­
ively) while Group One did not. Group One did, however, show 
substantial improvement (nearly fourteen percent). The F- 
ratio in the analysis of variance for maximal oxygen uptake 
(Table 3) was not significant, indicating that there were no 
significant differences among groups as a result of the three 
different conditioning programs.
Resting Heart Rate 
Table 4 indicates that the within-group changes in 
resting heart rate were not significant. Table 5 is a sum­
mary of the analysis of variance, showing that there were :no 
significant differences in the scores among the groups.
Resting Blood Pressure 
None of the groups demonstrated a significant change
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in either systolic (Table 6) or diastolic (Table 8) blood 
pressure resulting from the training program. The analysis 
of variance indicated that changes in systolic (Table 7) or 
diastolic (Table 9) blood pressure were not significantly 
different among the groups as a result of training.
Body Composition and Body Weight 
Groups Two and Three showed significantly reduced 
levels of body fat as a result of conditioning (C.001 and 
.01 levels of significance respectively). Group Two lost 
10.64 percent, and Group Three lost 11.44 percent. Group 
One lost 7.97 percent, but this change was not significant 
(see Table 10J. The analysis of variance, summarized in 
Table 11 reveals no significant differences among gx'oups in 
percent body fat as a result ofstraining.
The body weight of the subjects changed very little 
despite the fat loss. Group One gained .25 pounds, Group 
Two lost .07 pounds, and Group Three lost .9 pounds. None 
of these amounts reaches significance (see Table- 12) and 
there were no significant differences among groups (see Ta­
ble 13).
Girth Measurements 
The only significant change in girth measurements was 
a decrease in the arm gix'th of Group One (.05 level of signi­
ficance). However, Table 22 shows that this decrease was 
only 1.66 percent or .174 inch. There was no significant dif­
ferences among groups on any of the girth measurements as a 
result of training. The changes in girth measurements are 
in Tables 14 through 23.
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CHAPTER 5 
DISCUSSION
The results of this study may offer some insight into 
the changes that may occur as a result of conditioning for 
previously untrained women. A section of this chapter will 
be devoted to each of the variables measured.
Maximal Oxygen Intake 
Figure 1 cjepicts the changes in maximal oxygen up­
take for the groups. All three groups improved (13.98 percent 
for Group One, 17.32 percent for Group Two, and 17.72 percent 
for Group Three). This improvement was significant in Groups 
Two and Three at the .05 and .001 levels respectively. The 
small number of subjects completing the Group One training is 
felt to be a factor in not reaching a significant level of 
improvement. Two of the five women completing the Group One 
conditioning were relatively active before the start of the 
study and had comparatively high maximal oxygen consumption 
scores. They therefore had less to gain from the condition­
ing program. Greater differences among the groups may also 
have occurred with a larger total sample size. With the 
groups exercising at seventy-five percent, seventy percent, 
and sixty-five percent of their estimated maximal heart rate, 
the intensities may not have been different enough to produce 
a significantly different improvement in an eight week pro­
gram.
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According to the literature, greater gains in maxi­
mal oxygen uptake would have been expected in the group which 
worked at the greatest intensity (Harper et. al., 1969; Fox, 
et. al., 1975; Knuttgen et. al, 1973). The small number of 
subjects completing this program, however, made it difficult 
to reach significance. As a result, meaningful comparison 
among groups may be difficult and possibly misleading. Knut­
tgen et. al. (1973) found the greatest overall improvement 
using a three minute/three minute ratio. This differs 
slightly from the findings of the present study, where the 
continuous exercise showed the greatest percent gain. His 
results may be attributed to the fact that maximal oxygen up-­
take was not reached in the fifteen second work interval, but 
was constantly reached with the three minute work interval.
It is not known in this investigation whether Group One sub­
jects reached maximal oxygen intake in the thirty second work 
interval at seventy-five percent of maximal heart rate. Again 
intensity may have been shown to be a factor in improving 
maximal oxygen uptake, but the small sample size in Group One 
was a disadvantage in demonstrating significant improvement.
In general, the subjects in Group One expressed more 
subjective feeling of fatigue (leg tiredness when pedalling 
a resistance high enough to raise the heart rate to seventy- 
five percent of maximum in thirty seconds) than did subjects 
in Groups Two and Three. This differs from Astrand (1960) 
whose subjects expressed a subjective feeling of fatigue with 
a two or three minute work interval. This may be due in part 
to a lack of muscular strength and endurance in the legs,
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which is important in high intensity bicycle ergometry.
Resting Heart Rate
Figure 2 shows a very small increase- within each 
group in resting heart rate following the conditioning. A 
significant decrease in resting heart rate in subjects at 
an initial low level of fitness is a normal and expected 
trend (Astrand et. al., 1956; Astrand, 1970; Kilbom, 1971a). 
Astrand (1956) attributed this drop to an increased stroke 
volume. However Kilbom (1971b) concluded that it could not 
be determined whether the lower resting heart rate was due 
to a greater stroke volume or a lower cardiac output at rest. 
Fox (1974) found that stroke volume reaches its peak during 
the recovery phase. Therefore,with more relief periods Group 
One may have been exptected to show the most improvement, if 
indeed a lower resting heart rate is a function of increased 
stroke volume. Kilbom (1971b) however,, found no significant 
differences in stroke volume at rest as a result of training, 
but did find a reduction in resting heart rate. The cause 
for the expected drop in resting heart rate seems somewhat 
equivocal. It is therefore difficult to explain why this 
reduction did not occur in this study.
Several individuals in this investigation did show 
marked drops in resting heart rate, but on the other hand, 
some of the women did not seem totally relaxed when post 
tested for resting heart rate. Environmental factors such 
as a higher noise level in the test lab may have contributed 
to this. During the pretesting some individuals had to wait
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in a reclining position for a considerably longer time than 
originally planned. This was due to congestion in the test 
lab with only one researcher doing all of the testing. With 
fewer subjects to test following the program (due to loss of 
subjects) there was less congestion, and most of the women 
reclined for only the specified time. The difference in the 
length of this period of rest prior to testing may have been 
a factor in the resulting values. The slight increases were 
not significantly different among groups.
Resting Blood Pressure
Figures 3 and 4 illustrate the changes in systolic 
and diastolic blood pressure. Each group showed a decrease 
in sx̂ stolic blood pressure, although none of the changes were 
significant. Groups One and Three demonstrated decreases in 
diastolic blood pressure, but Group Two increased slightly. 
These changes were not significant. The differences among 
groups also were not significant. Astrand (1956) concluded 
that there may be a reduction in systolic blood pressure as a 
result of conditioning, but that there were no definite tend­
encies. Eckblom et. al. (1968) found no significant changes 
in systolic, diastolic, or mean blood pressure as a result of 
training. Kilbom (1971a), however, found consistently lower 
blood pressure resulting from conditioning in women.
The post test readings for resting blood pressure, 
like those for resting heart rate, may have been affected by 
a shorter period of reclining for some subjects, a higher 
noise level in the test,lab, or the emotional and mental
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state of the individual. The evidence regarding the effects 
of exercise on resting blood pressure in women is inconclus­
ive, although with a greater number of subjects, or a longi­
tudinal program, the slight reductions in this study may have 
been more pronounced.
Body Composition and Body Weight 
Figure 5 shows the decreases in percent fat for each 
group. These reductions in body fat were significant for 
Groups Two and Three ( .001 and .05 levels respectively). The 
small number of subjects in Group One may again have been a 
major factor in not achieving a significant fat loss. It is 
interesting to note that although a considerable amount of 
fat was lost (7.97 percent, 10.64 percent, and 11.44 percent 
respectively), the weight change was very small and nonsig­
nificant (.25 pound gain for Group One, .07 pound loss for 
-Group Two, and a .9 pound loss for Group Three; see Figure 
6). This indicates that lean body mass was increased as a 
result of the exercise while fat composition was concomitant­
ly reduced. Numerous other investigators have observed such 
compositional changes (Wilmore et. al., 1970; Zuti and Gold­
ing, 1976). Pollock et. al. (1969) found a greater increase 
in density with more intense training. This was not found 
in the present study. This may be due in part to a lower per­
cent fat initially in Group One, the small number of subjects, 
and the fact that two of the women in this group were rela­
tively active before the study began. The changes among 
groups in percent fat and body weight were not significantly
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different.
Girth Measurements 
Figures 7 through 11 depict changes in girth measure­
ments for all groups. Although Groups Two and Three signi­
ficantly reduced the percent body fat, the girth measurements 
remained relatively stable. This is suggestive of muscle 
hypertrophy occurring simultaneously with fat loss, so that 
girth remained about the same. In Group One, there was a 
significant reduction in arm girth, although body weight in­
creased .25 pounds overall. Group One performed the most 
Intense exercise in terms of the amount of resistance pedalled 
in order to raise the heart rate to seventy-five percent 
of maximum. The group may have met the threshhold for stim­
ulating muscle hypertrophy. This may indicate that hyper­
trophy of the hip and knee extensors caused the slight weight 
gain although fat was reduced 7.97 percent, since fat is con­
siderably less dense than muscle tissue. "This fat reduction, 
then, would explain the smaller arm. size while weight remained 
stable. The nonsignificant change in thigh circumference is 
likely explained by an increased muscle mass and overall fat 
loss. Changes in girth among the groups did not differ sig­
nificantly, probably due largely to the sample size.
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CHAPTER 6
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Summary
The purpose of this investigation was to compare 
three conditioning programs using the bicycle ergometer in 
developing cardiovascular fitness in untrained women. The 
conditioning programs are summarized as follows: Group One
performed a thirty second work interval at seventy-five per­
cent maximal heart rate, alternated with a ninety second re­
lief interval, for a total training time of thirty minutes. 
-Group Two performed a three minute work interval at seventy 
percent maximal heart rate, alternated with a three minute 
relief interval for a total training time of thirty minutes. 
Group Three performed a continuous work session at sixty-five 
percent maximal heart rate, for a total training time of 
thirty minutes.
Data was collected and analyzed to determine whether 
any significant changes occurred within each group, and whe­
ther there .were any significant differences among the groups 
as a result of the conditioning programs. The variables mea­
sured were maximal oxygen intake, resting heart rate, resting 
blood pressure, body composition and body weight, and girth 
at the waist, bust, hips, thigh and upper arm. The subjects 
who participated in the study were twenty-five female volun­
teers, aged twenty-two to forty-three. All were employees,
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or wives of employees of Northern Natural Gas Company in 
Omaha, Nebraska. The women were unconditioned, except for 
a few who participated in some mild conditioning or light 
recreational activity. The study was eight weeks in dura­
tion, with each of the women completing a total of twenty- 
four sessions on the bicycle ergometer. A summary of the 
results is as follows:
1. Two of the groups showed a significant improvement 
in maximal oxygen intake following conditioning. 
There were no significant differences among the 
groups.
2. Resting heart rate did not change significantly 
in any of the groups as a result of training, and 
there were no srgnrfreant differences among the 
groups.
3. None of the groups showed significant changes in 
systolic or diastolic blood pressure. None of the 
groups differed significantly from one another in 
systolic or diastolic blood pressure following the 
conditioning.
4. There were po significant changes in body weight 
within any of the groups, nor were there any sig­
nificant differences among the groups.
5. Upper arm girth was significantly reduced in one 
group as a result of training. Waist, bust, hip,
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and thigh circumference did not change significantly 
in any group. There were no significant differences 
among groups on girth measurements.
6 . Body fat was significantly reduced in two of the
training groups, but there were no significant dif­
ferences among groups.
Conclusions
The following conclusions are warranted on the basis 
of the results of this investigation:
1. Maximal oxygen intake can be significantly increased 
in untrained women using either an interval or con­
tinuous exercise program.
2. Interval training and continuous training do not dif­
fer in their effect on resting heart rate.
3. Interval training and continuous training do not 
differ in their effect on resting blood pressure.
4. Body weight does not change significantly as a re­
sult of an eight week program of interval or contin­
uous train ing.
5. Interval training and continuous training do not dif­
fer in their effect on girth measurements.
6 . Percent fat can be significantly reduced through 
an interval or continuous conditioning program in 
untrained women.
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Recommendat ions 
The following recommendations for future research 
may be made:
1. A similar study using a larger number of subjects 
should be conducted.
2. A study using more widely varied intensities for 
the groups should be undertaken.
3. A study using women at varying initial levels of 
cardiovascular fitness should be conducted.
4. Future research should carry out stricter limita­
tions on outside activity iri future research.
5. A longitudinal study to determine the effectiveness 
of interval versus continuous exercises should be 
carried out.
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APPENDIX A
PRE AND POST TEST DESCRIPTION OP SUBJECTS
Ta
bl
e 
24
69'
p-<
o  o  to r̂-
O  CM CM 1— I
VO vDr- 
oo <t"
o oo r*». to
<f <± O  Ob
VO O VD vD
CM CM
OCO
00o
Pi to to f". oo O Ob OO vD Ob r-> vD CM CM f'- 00VD
w
O
CM
Op3o
P3oJ*4
£
<3Q
CO
OCM
n
*3<3
c*3CM
CZDClM>Mo£5M
CMO>
X
ad
£3
4-1
OJO
• r- l0)rs
4-1
,doo
•r4
Q)S3
o  o
1—i r-- <± <t
CM 
i—I 
CO
to
O tO • •
to CO CM CO
00
lO
O  to • •
CO <fr
to
O O  
CO Ob
CM
rH r—t CO CO CO
O  Ob r-l <fr oo r-l CM
CO CM <r <t CM CM to to
r-4 rH r-l r-4 r-4 i— 1 i— 1 i— 1
CO
to
to
T— I
r^CM
CO
VD
*•
lO
d)bO<
CO
CO
vDCO OO
VDCM COCM
4-»
OG)
•r~iJD
dCO
<L> to
u opH PM oo
4-1
d) to u oPM Cm O
AD
<D to
u oCM CM
4-1G) to
u oCM CM CO>
Q)*4
PM Po
st 
126
 
1/4
 
42.
0 
83 
11
4/
58
Ta
bl
e 
24 
(c
on
ti
nu
ed
)
70
rd50•rtrCH
PM•H
COdPQ
4-)CO•Hcdrs
u
dCO
OO
i"-
o  cr\
CO CO CM CM
<f Mf
r - l  r - l
in m CO CO
CO
7~i o
<1- Mf
CO CO
CM CM CM CM
r'. r-» co co
"st‘ 
CO 
O  CTv
CM CM
CO CO CM CM <fr CM CM
voCO CO
•st <t
m  m  co co
CM
co i—i r - l i—1 i—1
r̂ - r^ 0 0 O O Ov
CMCM CMCM CMCM
OO CM 
r - l
voCM CM
CM Mt
o  o
CM
CM CM
'Z — — — “  z
CM CM CM OO
i— 1 rH i—1 CO r H  r H
o o  b \ c o  o v O  OO o  o > O-CO co C O  C O C O < J -  C O C O  C O
CM
m  m  co co
CM Mj-
vO vo CM CM
4-3 o  «n o  o in o m  O O  Oid in in o uo CM O o  nPm • • • • . • • *CM CM o  o CM rH CM O n  cmCM CM CM CM CM CM CM CM CM CM
O 4-3 4J 4J 4-1 4JQ) Q) CO 0) CO <U CO CD CO CL) CO
•*-) u o u o Ml O Ml O Ml O
rO pm  pm PM PM PM PM PM PM PM PM
$
oo o CO>
Ta
bl
e 
25
71
pm
vD O  VD vO
OO <t
tn VD 
<f oo
CM O
< t  V O
vo
CM OO 
CM O
CM
VD P-
O <t 
r H  O  
i— I r H
o  o  
r"»
VD CM CM tH
&3 CM VD r-» VD in ooo oo vd in oo r"* m  cm oo oo vd cr> in r-
PMtD
O
Ptf
O
Pd
O
fc-t
<3
H<3Q
HCD
O
PM
Q
55-
<3
W
P̂!
PM
§
Q
M>
M
Q
£3
M
C M
O>
{><td
PrC00
•H
<X>IS
P
bC
•rH
CDU3
CM CO
OO
in
o <t 
<1"
OM- 
co co
OS < t  
CM co
C O
C M
m
C M
rH
t H
t H
Mf
t H
C M
m
CM 
CO Ml*
CM CM CM CM
CO CO t H r H t—1 t—I
VO <t 00 Ov in m CM CM O  CMm  in CO CO o  o r — ( i— I t O CO
t H  i— 1 i— 1 i— 1 r H  tH t— 1 t— 1 t H  r - l
co
in
CDbO
<3
co
CM
o
C O
C T \
C O
C0CM CM
P  
O 
CD 
’| ) rQ 
2  00 <3po
P  
CD CO 
PH O 
PM PM
P
CD co Ph O 
PM PM
Q
PM
P  
CD W 
pH O
PM PM
e>hj
P  
CD CO 
Pm O 
PM PM
P  
CD co 
PH O  
PM PM
Ta
bl
e 
25 
(c
on
ti
nu
ed
)
72
CxO
• HJZ
H
P hi-l
: u
P(0
PP3
P
to
• Hcd
&
pcdPm
CM
CM
< f  C M
H i—I
lO <f 
C M  C M
00
i—I CO
CM O  <1- <1“
CM
O n  O N
c o  c o
po P
G) GJ TOP  O,Q PM PMP <to PQ
oo
C O  
7-4 r-ii—I i—1
<t oo 
co
o n  o n
<l-<r
o  o
Mi- <t-
c o  c o
Mt <J* 
C M  C M
CM CM
O n  O N  
C O  C O
vo
C O  C O
CM CM
to in 
c o  c o
MfMt*
O} t—4
C M  C O  
C O  C O
p  
C L )  TOU O P-« PM
QIX,
P  0) TO
u oPM PM
Mf
C O
vo m  
C O  C O
C M  C M
C O  C O  
C O  C O
o
p  
G) TO
u oPM PM
CM CM
O O
M f  M j - C M  C M < *
T— l C O t— 1 i— 1 C O
\— t O  
C M  C M
r - t  r - l
C M  C M 23
’
C M
C M
OO CM
C O  i— I
O N  O N  
C O  C O
CM
V O  V D  
C O  C O
— z z z z
00 <t C M C M  C M
C O C O  « — 4 r—l r—1 C O  _
O  O V O  V O m  «n vb vb oo
C O  co C M  C M cm cm C M  C M C M  C M
m  in O  O o  m m  m in mf"- cm o  m m  r- cm r- r- cm
• « •  • •  • • • • •<r <t C M <1* r-l cm < j "  C M
C M  C M C M  C M C M  C M C M  C M C M  C M
P  0) TOH O 
PM PM
Tab
le 
25 
(co
nti
nue
d
73
pmPQ
&s
m oID I-s.
s t OO i—I tH 1 I
CMVD t"". 
vO <t
CM CM VD VD
0 <t* 
r - l O  A—I 1 I
VO <tr-«* r--.
O  VO t—I CM t~l T—I
O  00 
oo
m <t 
cm cm
» tso m  vd c o m  vo CO an crv vo vo OO CMvo o <± vo
CMO>
Xxd
an o  
©c coCO <J*
o o
tH O n
i n
o  o  • «vO T—I CM CM
O O « *
<t CO CO 'Jt
O O 
r-'- mr-l CM
-P
bO*H■S' .rrtCM CM rH rH
i—I CO
C “' r-- CM CM
CO 
*»»| * or< mH  i— I CM <+ vO vDt—I i—I
CM
O  rH O Y O  rH CM
4J
to
■H0)•tn
CO
•o-m
CM 
i—Im
an
CM 
1—I 
VO
i n
oo
in
co
in
to
<
COCO <3-CM COCO COCM
VOCO
4JO0) »i—jjapJ
CO <c
ip CD mu o ax* taui
j=3
•p  03 CO 
Vi O  Pm PM COQ
P
03 CO Vi O 
PM PM EHCO
4J03 CO V O
PM PM
-D 
03 CO 
VI O 
PM PM Pr
e 
28 
5
’ 
1/
2"
 
12
4 
1/4
 
44
.5
 
62 
10
8/
68
 
Po
st
 
12
4 
1/
2 
41
.0
 
68 
11
6/
72
Ta
bl
e 
25 
(c
on
ti
nu
ed
)
74
&60•H
CM•Htd
P
COPCO
pCO•rlcd
P itf Ch
poa)
• r - yrO
PCO
Mt CM Mt CO
rH rH CO to— £
CM CM O  O CO CM CM rHrH rH rH rH i— 1 i— 1 rH i— 1
CM
CO rH
rH i— I 
CM CM
— £
<1- CM
CO rH rH
n- CO O N  0 0
CO CO CO CO
<t Hf 
C O  CO
C O  C O
CM CM
i—I i—!
O n  O' 
CM CM
P 
Q) CO U O 
PM PM
CM CM 
rH rH
UO to 
C O  C O
C O  ^
vD VO 
CM CM
W
P 
<D COM O PM PM
Mj- <t 
C O  r H
oo r-~-
C O  C O
CM <f
r H  C O
f"* OO CM CM
COQ
p 
<1) co u oPM PM
to to
CM 0 0  CM CM
rH rH rH HO rH i— 1
CO CO v O  u 0 v D o  oCM CM CM CM CM CM CO CO
00 <J- 
t H  i— i
OO ON 
C O  C O
CM CM
ON ON CM CM
H
CO
P 
a) cou oPM PM
CM <t
rH CO
0 0  O N  <1-
i— I CM
C O
t o  r-» 
c o  c o
o  o in o m m  tno  o r-- o O  CM CM CM O  O• *• . . •  • • • •  •
V O  r M oo n* co oo vD <t O  vO
C O  c o r H  r H C O  C M CM CM C O
P 
< D  C O  
M O 
PM PM i->&
Pre
 
31.
0 
27"
 
35"
 
38 
3/
4” 
23 
1/2
" 
11 
1/
2
Pos
t 
27
.25
 
27"
 
36"
 
38 
1/2
" 
23 
1/2
" 
11 
3/
8
Ta
bl
e 
26
75
w
pmfrjH
PMPdOCdO
FdOPm
Eh
<JQ
Ehrn
oPm
QS3
<
Wpad
PM
<t>QM>HH
QIS
Pm
pad
CMo
>
Co
prdbO•H
CD
Prd60•Ha)
w
(DW)
C
PO
CD
•o
Idc/a
<f CM VD VD
O  VD rH r-l r—I rH
00 mf'-'- 00
O  O  
• •rx in oo <t
CO
oo
m
coCM
<H
P  
CD co 
U O 
PM PM
O  CM rx. oo
CM <t CM CM
CM OO
vd rx
O  O
rH VO 0O 0O
xt
0O
xt
in
o
p  
(D co 
U O PM PM
o  mVD <f 
<t 00o  o
oo rxh-Ts
O O
<t xj- OOxf
rx-
m
CMCM
PQ
PQ
P  
CD co 
U O PM fM
m  cm vo r-x
oO  rH
00 00 rx rx
o  o
rH in OO oo
CM <t CM xfxT
i— 1 OO OO i— 1 rH CO
rH rH CM CM O  VDrH rH CM cm oo oo fx 'DrH i— 1 i— I i— 1 I— 1 I— 1 rH rH
<±
oo
Ov
m
ovCM
p  CD CO 
U O 
FM FM
Om
or-x.
m
•oooo
00inrH
m
CMCM
LO
CD
U
FM Pos
t 
157
 
1/4
 
37.
0 
72 
11
2/
56
Ta
bl
e 
26 
(c
on
ti
nu
ed
)
76
xi60•rlxih
Cl,•r-lw
4-1WP
PQ
4->
CO•rHeti£5
4->O
CL)*r~)X3CO
ON CT\
CM CN
O O CM CM
Mf*
CO
vo <h oo co
CO CO CO CO
CO
LOCM CM
<Eh
4-1
(L) to M O 
FM FM
<fr
CO 
O Os
CM <t
r H  i— I
CM CM 
CM CM
CM
00 OO CO CO
to SO 
CO CO
CM <±
i— I C O
o- c- 
CM CM
£
1—1 1—1 CO
o  o CM rHrH i— 1 i— 1 rH
CO CO CM CM
CM CM
OO 00 CO CO
VO LO CO CO
vD vO 
CM CM
4-1 to toU o
FM FM
PQ
PQ
4-) <L) to U O 
FM FM
CO CO
to <tCM CM
CO ̂
co co 
CO co
4-1 
<0 to M O 
P * FM
CO rH
CO _
to LO 04 CM
- £
CM
rH CO i— 1
CM O rH i— 1<J- Mi*
•-
CM CM
i— 1 i— 1
CTv CT> O  Ov
CO CO <3* CO
CO CO 
CO CO
4-1 to LO to to LO o O  O LO LOcd r—  cm f"- r--* o O  O C M  C M
U-i • * •  • • • •  • •  •Pv. VO rH 00 rH Ov vO CO rH LO
B-S . 1— 1 t— 1 C M  t H C M  i— 1 C M  C M CO CM
CO
4-1 
<U COu o
FM FM
77
ro<D
a*H4Jaoc>
VOCM
a)t—i rQcdH
PMcQP*5
PS
CMO>
Xcd
4->xbl•Hm
■ JS
4JrCtxf
CD
W
<u00
<
<t o  vD vo
to vorH O  rH rH
O O 
lo m
CM <t rH O
c-* covo to 00 VOvo r̂ -
CM CM Ov VO CO <j-
<t CM 
CO rH 
CM
VO LO
Mf
co
<f in CM CM rH rH
CO
LO lO
CO LOCM
00 O  r-» to
vO <t rH rH rH rH
CM O  vo r-
O  CM LO LO
o  oI—t t—I
rH
CM
LO
COCM
LO VOin lo 
<1* vorH O
LO CM
oo r>»
00 oCM <t
CM
<t CM 
CO CO
CM
rH
r-
LO
Ov
CM
4-1o 4-1 4-1G) a) co 0) u G> 4J G) CO•o u o U CO Jh CO }H OrO pH  PM PM o PM O PM PM3 t-q CO PM to PM >CO < o O
78
•rl
H
fV•H
VC
✓-N
CD
3
6
•H
4-4
c
o  .. 4-J
O CO
v x 3PQ
vOCM
CD
rH
.cd
Eh
4->
co
• r l
cd&
4JcdPm
4-JO0)n-j
<t CM CNJ <P
COH H CO
CM CM O  O
CM CM CM
rH i— I r-H
vb <J- CM CMCM CM CM CM
CM CM 
r-H rH
o n  CO CT\ ON<f <J- CO CO
CO < f
  i ,—i jn rrj
ON CTiCO CO CO CO
<t CM <t
i—t rH CO CO
<± <t in mCO CO CM CM
O  O in ino  o t" -
•  a •  •
CM O ON OCO CO rH  CM
4-J 4-»CD CO CD CO
U  O U OPM PM PM PMmn
<r <t 
CO CO
00 OO H H
rH
H O  CM CMCM CM CM CM
CM
»—I i—I i—I i—I
r'" i'*-. c-*CO CO CO CO
CO co
CO <t CO <tCO CO CO CO
CM CM
rH rH
vb vb VOCM CM CM CM
m  o  m o
m  o
• • • •
r"- VD CM vorH CM CO CM
4-> -U
CD CO Q) CO
JH O  U  O
fM  FM PM PMCO >O M
APPENDIX B
FORM FOR RECORDING PRE AND POST TEST DATA
80
BICYCLING PROGRAM TEST DATA
NAME AGE
HEIGHT WEIGHT / RKR /
RBP / BODY COMPOSITION /
GIRTH: WAIST /
BUST /
HIP / 
THIGH /
ARM /
BICYCLE PRE TEST Bike # Bike # BICYCLE POST TEST
Date Time Date Time
KPM KPM
l.min. 1 min.
2 min..................... 2 min.
3 min. 3 min .
4 min. 4 min.
5 min. 5 min.
6 min. 6 min.
Recovery: Recovery:
1 min. 1 min.
2 min. 2 min.
Pulse Rate Pulse Rate
Age Correction Age Correction
Liters/min. Liters/min.
Ml/kg/min. Ml/kg/min.
Category Category
Training Program:
APPENDIX C 
HANDOUTS DESCRIBING EXERCISE PROGRAMS
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TRAINING PROGRAM ONE 
Your training program consists of a 30 minute exer­
cise session, preceded by five minutes of warmup, and fol­
lowed by five minutes of cooldown.
Warm exercises
1 . 1 0 - 2 0 bent knee sit ups
Arms folded across chest or clasped behind head.
2. Hurdlers1 stretch
Seated with one leg outstretched, and the other 
bent back and to the side - slowly reach toward 
outstretched toes, as far as you comfortably can
go - DO NOT BOUNCE! Perform 3 times to each side;
hold extreme position for 5 seconds.
3. Toe touches
Simply bend forward, allowing your knees to bend 
slightly, and let your upper body droop, or hang. 
Perform 5 times, hold each for 5 seconds.
4. Low back stretch
Lie on your back, then raise your bent knees up 
and over your head as far as possible, trying to 
touch your toes to the floor behind you - don*t 
force or bounce - just go as far as you comfortably 
can. Perform 5 times for 5 seconds each.
5. On the bicycle, begin to pedal at 60 rpm, at no
resistance, and continue for 1-2 minutes.
Conditioning program
You will perform a 30 second exercise interval, 
followed by a 90 second "rest" interval. With each work in­
terval, you will be given a resistance sufficient to raise 
your heart rate to 75% of your maximum (this is figured by 
subtracting your age from 227). For example, a thirty year 
old woman would have a maximum heart rate of 197 beats per
83
minute, and 75% of this would be 148. During each relief 
interval, the resistance will be turned off (0.5 setting 
on the Schwinn ergometers) and you will continue to pedal 
for 90 seconds. Always pedal at 60 rpm. This alternate 
work-relief will continue for the duration of your exercise 
..session. It is important that you reach 75% of your maximum 
heart rate with each work interval.
Cooldown
following the last work interval, continue to pedal 
with no resistance for 1-2 minutes. Then repeat the warmup 
exercises, shower, and feel great!
84
TRAINING PROGRAM TWO 
Your training program consists of a 30 minute exer­
cise session, preceded by five minutes of warmup, and fol­
lowed by five minutes of cooldown.
Warmup exercises
1 . 1 0 - 2 0 bent knee slt-ups
Arms folded across chest or clasped behind head.
2. Hurdlers* stretch
Seated with one leg outstretched, and the other 
bent back and to the side - slowly reach toward 
outstretched toes, as far as you comfortably can 
go - DO-NOT .BOUNCE! Perform 5 times to each side, 
hold the extreme position for 5 seconds.
3. Toe touches
Simply bend forward, allowing your knees to bend 
slightlv. and let vour, tmner body drooo, or hang. 
Perform 5 times, hold each for 5 seconds.
4. Low back stretch
Lie on your back, then raise your bent knees up 
and over your head as far as possible, trying to 
touch your toes to the floor behind you - don*t 
force or bounce - just go as. far as you comfortably can.
5. On the bicycle, begin to pedal at 60 rpm, at no 
resistance, and continue for 1-2 minutes.
Conditioning program
You will perform a 3 minute exercise interval, fol­
lowed by a 3 minute !,rest" interval. With each work inter­
val, you will be given a resistance sufficient to raise your 
heart rate to 70% of yout maximum. (This is figured by sub­
tracting your age from 227, For example, a 30 year old wo­
man would have a maximum heart rate of 197 beats per minute).
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During each relief interval, the resistance will be turned 
off (0.5 setting on the Schwinn ergometers) and you will 
continue to pedal for 3 minutes. Always pedal at 60 rpm. 
This alternate work-relief will continue for the duration 
of your exercise session. It is important that you reach 
70% of your maximum heart rate with each work interval. 
Cooldown
Following the last work interval, continue to pedal 
with no resistance for 1-2 minutes. Then repeat the warmup 
exercises, shower, and feel great!
86
TRAINING PROGRAM THREE 
Your training program consists of a 30 minute exer­
cise session, preceded by five minutes of warmup, and fol­
lowed by five minutes of cooldown*
Warmup exercises
1 . 1 0 - 2 0 bent knee sit-ups
Arms folded across chest or claspect behind head.
2. Hur dl er s1 s tr e t ch
Seated with one leg outstretched, and the other 
bent back and to the side - slowly reach toward 
outstretched toes, as far as you comfortably can 
go - DO NOT BOUNCE I Perform 5 times to each side, 
hold the extreme position for 5 seconds.
3. Toe touches
Simply bend forward, allowing your knees to bend 
slightly; and let your upper body droop, or hang. 
Perform 5 times, hold each for 5 seconds.
4. Low back stretch
Lie on your back, then raise your bent knees up 
and over your head as far as possible, trying to 
touch your toes to the floor behind you - don’t 
force or bounce - just go as far as you comfortably 
can.
.5.. On the bicycle, begin to pedal at 60 rpm, at no 
resistance, and continue for 1-2 minutes.
Conditioning program
You will perform a continuous 30 minute exercise 
session. You will be given a resistance sufficient to raise 
your heart rate to 65% of your maximum. (This Is figured by 
subtracting youx* age from 227. For example, a 30 year old 
woman would have a maximum, heart rate of 197 beats per min­
ute, and 65% of this would be 128). Always pedal at 60 rpm.
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It is important that your heart rate be maintained at 65% 
of your maximum during the entire exercise session.
Cooldown
Following your exercise session, continue to pedal 
with no resistance (0.5 setting on the Schwinn ergometers) 
for 1-2 minutes. Then repeat the warmup exercises, shower, 
and feel great!
APPENDIX D 
FORM FOR RECORDING EXERCISE SESSIONS
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TRAINING SESSION RECORD
GROUP ONE
NAME____________ JDATE__________________ TIME_
EXERCISE SESSION # BICYCLE # EXERCISE HR
WORK
INTERVAL
| RESISTANCE 
(KPM)
HEART
RATE
RECOVERY HR 
(150 KPM)
IV
2 .
' ' 3.
4.
5
6 .
7
8 .
9.
1 0 .
1 1 . 0
1 2 .
13.
14.
*15.
Comment s :
The heart rate should be monitored the last 15 sec­
onds of each work interval, and the last 15 seconds of each 
recovery interval.
The heart rate should reach 757, of maximum with each 
work interval. (227 - age x 757.)
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TRAINING SESSION RECORD
GROUP TWO
NAME______________DATE______________TIME
EXERCISE SESSION # BICYCLE # EXERCISE HR
WORK
INTERVAL
RESISTANCE
(KPM)
HEART
RATE
i ... ■ -
RECOVERY HR 
(150 KPM)
1 .
2 .
3.
4.
..;5, • .
Comments:
The heart rate should be monitored the last 15 sec­
onds of each work interval, and the last 15 seconds of each 
recovery interval.
The heart rate should reach 70% of maximum with each 
work interval (227 - age x 70%).
TRAINING SESSION RECORDGROUP THREE
NAME............ DATE ' ' ' * : ■ TIME
EXERCISE SESSION # BICYCLE #   EXERCISE HR
MINUTE RESISTANCE
(KPM)
HEART
RATE
MINUTE RESISTANCE
(KPM)
HEART
RATE
1 .
' ' 2 . .... 1j
3. !
4. j
5. !
6 . I
7.
8 .
9.
TO. ■
1 1 .
1 2 :
13.
14.
15.
Comments:
The heart rate should be monitored the last 15 seconds 
of each minute of work.
The heart rate should be maintained at 65% of maximum. 
(227 - age x 65%)
APPENDIX E
FORM FOR RECORDING OUTSIDE PHYSICAL ACTIVITY
NAME
RECORD OF PHYSICAL ACTIVITY
MARCH
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Sat.
30 31
April
TG 14 1613 15
TT T Z19
IE 3028 2927
May
1.. .. 2 ” “ 3 4.. '"'5 ... .6™.. ' ~. .7.. . .
8 9 10 ll 12 13 14
15 16 17 18
\ . . .. *.*
19 20
---  —
21
